Immortalized hepatocytes are an attractive cell source for hepatocyte transplantation and gene transfer. We compared the phenotype and immunogenicity of freshly isolated (FIH) and immortalized (IMH) rat hepatocytes. Effect of culture and proinflammatory cytokines (TNF-α, IFN-γ) was studied on phenotype. FIH were isolated by collagenase digestion. Two SV40 immortalized hepatocyte cell lines were tested (RH1 and P9). Immunophenotyping was performed by FACS analysis using anti-rat-specific antibodies. Immunogenicity was evaluated by a mixed lymphocyte hepatocyte reaction (MLHR). FIH suspension was an almost homogeneous parenchymal cell population with few (1-2%) CD8 + cells. FIH showed a positive staining for ICAM-1 (20-35%) and for Class I (RT1A, 30-60%) but no staining for Class II (RT1B). After 48 h of culture, the already ICAM-1-positive cells were more strongly stained and additionally 3.6% of the cells (possibly endothelial cells) were Class II positive. IMH showed a consistent expression of Class I (93-97%) and ICAM-1 (95-97%) but no expression of Class II. Culture of IMH for 48 h had no effect on Class II expression but increased ICAM-1 expression. Addition of TNF-α at 1000 UI/ml to cultures of FIH or IMH increased Class I and ICAM-1 expression whereas IFN-γ (50 or 1000 UI/ml) had no evident effect. Hepatocyte immunogenicity, assessed in MLHR and appreciated by the stimulation index (SI) test/SI syngeneic control, was similar for IMH (RH1: 2.68 ± 0.89; P9: 2.37 ± 0.78) and FIH (2.52 ± 0.18). In conclusion, despite some quantitative immunophenotypic differences, FIH and IMH induced the same proliferation rate of allogeneic T lymphocytes. Thus, immortalized hepatocytes may constitute an appropriate cellular model to study the prevention of hepatocyte rejection by gene transfer. 739 740 KAULEK ET AL.
INTRODUCTION
of hepatocyte transplantation as a bridge to orthotopic liver transplantation in a case of acute liver failure, and Whole organ liver transplantation is the only therapeutic modality available to significantly improve the Fox et al. (16) demonstrated its efficacy in the treatment of Crigler-Najjar syndrome. However, as for whole or-prognosis of patients with hepatic failure. However, orthotopic liver transplantation requires the complete re-gan, the shortage of human livers severely limits the use of these modalities for the treatment of liver failure. moval of the native liver, thereby preventing the possibility of a future liver regeneration and exposing patients Moreover, long-term hepatocyte transplantation will be limited by the need to prevent rejection mechanisms. In to a definitive immunosuppression. Experimental studies and recent clinical applications suggested hepatocyte fact, little is known about the immunogenicity of isolated hepatocytes, allogeneic hepatocyte rejection, and transplantation as an alternative to liver transplantation in the treatment of some hepatic failure and liver-based the ways to prevent it (3) . Recent studies suggested that allogeneic hepatocyte rejection may follow some un-metabolic diseases, with the further advantage to obviate the need for a long surgical intervention with its associ-usual pathways and therefore may need specific immunosuppressive strategies (10) . ated risks (17, 20) . Strom et al. (35) showed the interest Genetic modifications of hepatocytes to express im-CD11c (MRC OX-42), CD68 (ED1), TCRαβ (R73), Igκ (MRC OX-12), and integrin α M290 β7 (MRC OX-62) munosuppressive molecules (such as IL-10, CTLA4-Ig) constitute an attractive approach to study allogeneic he-were kindly provided by Dr. M. C. Cuturi (Inserm Unit 437 Nantes, France). Monoclonal antibodies to rat patocyte rejection mechanism and to modulate hepatocyte immunogenicity. As transfection methods allow RT1A (F16-4-4), rat RT1B (OX-6), rat-ICAM-1 (1A29) and rat isotype control were obtained from Serotec (Ar-only transient gene expression in primary hepatocytes (14) , genomic integration of immunosuppressive genes gene-Biosoft, Varilhes, France). Rabbit polyclonal antihuman von Willebrand factor antibody cross-reacting will be necessary to study their effect over time. In this perspective, immortalized hepatocytes constitute an with rat vWF was from Dako (Trappes, France), rat F(ab′) 2 anti-mouse IgG and goat anti-rabbit IgG antibod-ideal model for gene therapy due to transduction facility. Moreover, they may represent a considerable advantage ies were obtained from Jackson Laboratories (West Grove, PA). to obtain a sufficient cell number for future transplantation applications (30).
Immortalized Rat Hepatocytes Liver cell lines have been extensively studied in phar-Two SV40 immortalized hepatocyte cell lines, RH1 macotoxicological (1, 2) and gene transfer (36) studies. and P9, were tested. Both RH1 and P9 were produced Phenotypic and functional modifications have been enby calcium phosphate precipitation (26) . Clone RH1 was countered on immortalized hepatocytes (25) . Such produced from the transfection of a 24-h monolayer of changes may result from perturbations induced by the SD rat hepatocytes with a plasmid containing the intact transfection of specific oncogenes, such as SV40 ge-SV40 DNA sequence. After culture in hormonally denome (38) , or from the dedifferentiation of hepatocytes fined medium (HDM) (22) , based on a 1:1 mix of Wilin culture before the transfection (27) . Immortalized heliams E medium/Ham F12, a single colony of small, patocytes have never been used as a model in allogeneic tightly associated cells was isolated. Cell line P9 was transplantation. Therefore, their immunological properproduced by transfecting a 24-h monolayer culture of ties are not known.
SD rat hepatocytes with plasmid p6-1 and culture in In this study, we characterized and compared the im-Williams E medium/Ham F12 (1:1) supplemented with munophenotype and immunogenicity of two Sprague-5% of fetal bovine serum. The cells have not been Dawley immortalized hepatocyte cell lines and freshly cloned, but this could only be achieved by dilution clonisolated hepatocytes from the same strain. Phenotype ing because the cell line does not readily form colonies. was assessed by flow cytometry analysis and immuno-Plasmid p6-1 comprised the full genome of SV40 less a genicity was evaluated by mixed lymphocyte hepatocyte 6-nucleotide deletion at the origin of replication (19) . cultures. The effect of culture and proinflammatory cytokines (i.e, TNF-α and IFN-γ) on phenotype of these Hepatocyte Isolation and Purification cells was also studied.
Rats were anesthetized with an intraperitoneal injec-MATERIALS AND METHODS tion of sodic pentobarbital (Sanofi, France) (6 mg/100 g Animals body weight). The abdomens were shaved and decontaminated. The peritoneal cavity was opened and hepa-Three different male rat strains, 6-8 weeks old (250tocyte isolation was performed according to a modifica-300 g), were used. Wistar Furth (WF) and Brown Nortion of the two-step collagenase perfusion technique way (BN) rats were obtained from IFFA Credo (L'Arintroduced by Berry and Friend and adapted by Seglen bresle, France) and Sprague-Dawley (SD) rats were (34). Briefly, the portal vein was cannulated, the liver obtained from CERJ (Le Genets-St-Isle, France). Wistar was perfused for the first 5 min with a phosphate buffer Furth and BN rats are inbred strains and have an RT1 u pH 7.4 (NaCl 137 mM, KCl 2.7 mM, Na 2 HPO 4 8.8 mM, and an RT1 n complex (15) , respectively, whereas the SD HEPES 25 mM) containing 0.05 mM EGTA, at a rate rat is an outbred strain. Animals were housed in barrier of 2.5 cc/min at 37°C. Next perfusion was made with cages with a free access to food and water. Animal care phosphate buffer containing 0.02% (w/v) collagenase and use of laboratory rodent procedures were performed (Life Technologies for hepatocytes, 400 U/ml) in the according to the recommendations of the Guide for the presence of 5 mM CaCl 2 at a rate of 2.5 cc/min for up Care and Use of Laboratory Animals prepared by the to 15 min. Hepatic attachments were dissected and the National Academy of Sciences and National Institutes liver was transferred to a petri dish, where the digested of Health (NIH publication 86-23, revised 1985).
liver was gently minced. The resulting cell suspension Antibodies was filtered through 100-and 40-µm meshes, washed three times with Hanks balanced salt solution (HBSS), Monoclonal antibodies specific for the following rat antigens were used: CD4 (W3/25), CD8αβ (OX-8), and centrifuged at 50 × g for 2 min. Supernatant was eliminated and hepatocytes were resuspended in 30 ml fication side scatter. With these parameters we obtained all different cell populations in the same plot. Results of HBSS. Hepatocyte suspension was loaded on a 33% Percoll solution (Seromed, Polylabo, France) in a 50 ml are expressed in histogram form, with the ordinate representing the relative cell number and the abscissa repre-conical tube and centrifuged at 70 × g for 10 min. After one washing with HBSS at 50 × g for 2 min, the hepato-senting fluorescence intensity in arbitrary units. For each histogram, 10 4 events were analyzed. Viability was as-cyte pellet was suspended in Williams E medium (Life Technologies, Cergy Pontoise, France) containing 5% sessed by exclusion of propidium iodide (Sigma) and antibody staining was analyzed only on viable (PI-nega-heat-inactivated fetal calf serum (FCS) (Eurobio, Les Ulis, France). Hepatocyte viability determined by trypan tive) cells. blue (Sigma, Saint Quentin Fallavier, France) exclusion
Mixed Lymphocyte Hepatocyte Culture (MLHC) was consistently >75%.
Responder splenocytes (0.5 × 10 6 ) were cocultured Isolation of Responder Splenocytes for Use in Mixed with 5000 hepatocytes for 5 days in round-bottom mi-Lymphocyte Hepatocyte Culture crotiter plate wells in a final volume of 200 µl, as previously described (9). Cells were cultured in RPMI-1640 Responder splenocytes were prepared by surgically removing the spleen from sacrificed SD and WF rats.
containing 10% heat-inactivated FCS and supplemented with nonessential amino acids (Life Technologies), 25 The cells in the spleen were dispersed mechanically with a sterile glass stopper in cold RPMI-1640 medium (Life mM HEPES, 2 mM L-glutamine, 95 µM 2-mercaptoethanol, 1 mM sodium pyruvate (Sigma), and 50 µg/ml Technologies). Cell suspension was filtrated with sterile gauze in order to remove clumps and fibrous tissue. Red gentamycin (Gentallin  , Schering-Plough, France). blood cells were lysed by adding NH 4 Cl (0.17 M) for 10
Proliferation Assay min at 4°C. The splenocytes were resuspended in RPMI-1640 with 10% heat-inactivated FCS and the viability of Proliferation of responder splenocytes in MLHC was determined in a standard thymidine uptake assay. After responder splenocytes evaluated by trypan blue exclusion was >95%. Hepatocyte transplantation is proposed as an alternative to whole organ transplantation for metabolic disor-Flow Cytometry Analysis ders or liver failure. Although the liver is an organ relatively resistant to rejection, allogeneic hepatocytes Hepatocytes were detached from culture flasks using brief exposure to trypsin (10%)-EDTA (Life Technolo-are rejected very rapidly. Immortalized hepatocytes are considered as an attractive cell source for transplantation gies). Hepatocytes (0.2-0.5 × 10 6 ) were stained with the appropriate monoclonal antibody (mAb) or the isotype-and gene transfer. Little is known about rejection mechanisms of isolated hepatocytes, and less information is matched control mAb. For intracytoplasmic staining (von Willebrand factor), cells were fixed after permea-also available concerning the effect of immortalization on both hepatocyte immunophenotype and immuno-bilization using CytoFix/CytoPerm kit (PharMingen, Becton Dickinson, Le Pont de Clay, France) according genicity. Immortalized hepatocyte cell lines were shown to dedifferentiate after transfection by oncogenes such as to the manufacturer's instruction. We used a detector value of E-01 and gating was performed with a logarith-SV40 (38) . Moreover, our liver cell lines were produced after a primary 24-h monolayer culture, conditions mic amplification for forward scatter and a linear ampli-where dedifferentiation and loss of biological functions cells. The lack of Class II molecules on hepatocytes suggests that FIH are not able to present donor antigens to have already been demonstrated (25, 27) . Characterizing the immunological properties of primary and immortal-CD4 + recipient cells. Moreover, the absence of professional antigen presenting cells, like dendritic cells or B ized hepatocytes is therefore an essential step before their use in transplantation.
lymphocytes, suggests that "direct" antigen recognition is not an important rejection mechanism of freshly iso-Phenotyping of Freshly Isolated Hepatocytes: lated hepatocytes, as suggested previously (4, 5) . Our re-
Determination of Cell Purity and Expression of RT1
sults document for the first time the presence of few Antigens and ICAM-1 by Flow Cytometry CD8αβ + cells (1-2%) (Fig. 1D ) in freshly isolated hepatocyte preparations. These CD8 + cells, defined by lym-As described in human (11) and in mouse (6), a phoid characteristics, could correspond to NK cells, freshly isolated rat hepatocyte suspension expresses which are known to be TCRαβ negative and which can Class I (RT1A, 30-60%) ( Fig. 1A) and ICAM-1 (20- express the CD8 molecule as does a subset of T cells. 35%) ( Fig. 1B) but no Class II molecules (RT1 B) ( Fig. NK cells could play opposing roles in cell transplanta-1C). No staining for the rat antigens TCRαβ, CD4, Igκ, tion. Indeed, it was demonstrated that NK cells produce CD68, CD11c, integrin α M290 β7, and von Willebrand cytokines that inhibit immune function (i.e., TGF-β) factor was observed, suggesting that the cell suspension (29). However, in experimental systems studied by obtained was not contaminated by T cells, professional Ghayur et al. (18), NK activity has been detected in leantigen presenting cells (B lymphocyte, monocyte/macsions during active graft-versus-host disease (GVHD). rophage lineages, dendritic cells), or by endothelial Further studies are necessary to determine whether the Primary hepatocyte suspension showed a positive staining for Class II (RT1B) molecules, up to 3.6% (Ta-presence of these CD8 + NK cells contributes to the rejection of hepatocytes. ble 1), and for von Willebrand factor ( Table 2) . However, no Class II expression was observed for both im-Our results also show that liver NKT cells (TCRαβ + ) are eliminated during the isolation procedure. Liver mortalized hepatocytes (Table 1 ). We postulate that Class II detected in hepatocyte suspension after culture NKT cell proportion is higher (31) in comparison with other organs. NKT cells are thought to play a role in the could be expressed by endothelial cells. These nonparenchymal cells were undetectable just after isolation, development of tolerance (21) . The absence of NKT cells may be one reason (among others) for the increased proliferating or being activated during the culture. Previous studies reported the absence of Class II antigen ex-immunogenicity of isolated hepatocytes compared with the whole liver, which is well accepted after graft-pression on mouse hepatocytes during in vivo or in vitro immune response (12). Although "direct" antigen recog-ing (23) .
nition is not an important mechanism in rejection of Phenotyping of Immortalized Hepatocytes: Expression freshly isolated hepatocytes, our observation of Class IIof RT1 Antigens and ICAM-1 by Flow Cytometry positive cell suggests a low level of possible direct anti-Like freshly isolated hepatocytes, RH1 and P9 cell gen recognition after culture or transplantation of a prilines immortalized with SV40 genome expressed Class mary hepatocyte suspension. I (RT1A, 93-97%) ( Fig. 2A ) and ICAM-1 (95-97%)
Effect of In Vitro Treatment With TNF-α and IFN-γ (Fig. 2C ) but no Class II molecules (RT1 B) (Fig. 2B) .
on the Immunophenotype of Primary No major difference was observed between primary and and Immortalized Hepatocytes immortalized hepatocytes.
To extend the comparison between primary and im-Effect of In Vitro Culture of Freshly Isolated mortalized hepatocytes, we studied the effect of proinand Immortalized Hepatocyte Expression of RT1 flammatory cytokines like TNF-α and IFN-γ. These cy-Antigens and ICAM-1 by Flow Cytometry tokines are produced during the allogeneic immune response and are known to activate lymphocytes, and After 48 h of culture, the levels of ICAM-1 expression increased on primary and immortalized hepato-may therefore modify the phenotype of transplanted hepatocytes. cytes. The mean fluorescence intensity (MFI) increased for primary hepatocytes from 4.6 to 21.7, for immortal-TNF-α at 200 UI/ml induced, on P9 cells, a maximal increase in ICAM-1 and Class I expression after 24 or ized hepatocytes P9 from 86 to 160, and for RH1 from 107 to 146. MHC Class I molecule expression was un-48 h, respectively (Fig. 3C, D) . Exposure to 1000 UI/ml of TNF-α enhanced ICAM-1 and Class I expression on changed on immortalized cells; however, it was slightly decreased on primary cells after 48 h of culture (Table  both primary (Table 3 ) and RH1 hepatocytes. A maximal expression of ICAM-1 and Class I was observed for 1: 51% to 31%). So culture had almost the same effect on ICAM-1 and Class I expression for both primary and RH1 cells after 24 h of stimulation (Fig. 3A, B ). In contrast, after TNF-α treatment, Class II expression was un-immortalized cells. changed in primary hepatocytes ( Table 3 ) and was al-response (RH1 SI ratio: 2.7 ± 0.9, P9 SI ratio: 2.4 ± 0.8) of similar intensity than the response obtained with pri-ways negative in immortalized cells.
Finally, IFN-γ treatment (50 or 1000 UI/ml) for 24 mary hepatocytes (SI ratio: 2.5 ± 0.2) ( Fig. 4 ). Preliminary carboxyfluorescein diacetate succimidyl ester (CFSE) or 48 h had no evident effect on ICAM-1, Class I, and Class II expression for both primary and immortalized labeling, a highly useful tool to study lymphocyte division, confirmed our immunogenicity data using the thy-hepatocytes (data not shown).
These data are partially in accordance with previous midine uptake assay (data not shown). We conclude that the higher expression of Class I and ICAM-1 observed studies showing that proinflammatory cytokines are able to modulate ICAM-1 (24, 32, 37, 28) and Class I and on immortalized hepatocytes, compared with FIH, did not result in a higher immunogenicity in vitro. Previous Class II molecule (33) expression on human and mouse hepatocytes. The lack of Class II molecules on immor-studies showed that allogeneic liver parenchymal cells stimulate immune responses in vitro in MLHC and that talized cells after proinflammatory treatment confirms that these cells can be rejected only by an indirect anti-this response is primarily dependent on expression of MHC Class I alloantigens (4) (5) (6) 9) . It was also demon-gen presentation mechanism. strated that ICAM-1 molecule (8) plays a pivotal role in Comparative Immunogenicity of Primary the immunogenicity of murine freshly isolated hepatoand Immortalized Rat Hepatocytes cytes in vivo. In particular, allogeneic hepatocyte rejection was dramatically diminished using ICAM-1 −/− or Finally, to evaluate the immunogenicity of primary Class I −/− mouse hepatocytes (8), but was not further inand immortalized hepatocytes, we measured cell prolifcreased after TNF-α-induced upregulation of ICAM-1 eration resulting from mixed lymphocyte (responder)/ and Class I molecules on hepatocytes (7). Taken tohepatocyte (stimulator) cultures. The immunogenicity of gether with our in vitro results, this observation suggests immortalized hepatocytes was evaluated by coculture that the higher expression of Class I and ICAM-1 on between P9 or RH1 hepatocytes and WF lymphocytes, immortalized rat hepatocytes would not enhance their and was compared with three different situations: a synimmunogenicity in vivo. geneic control, constituted of hepatocytes SD in culture
In conclusion, our finding of CD8 + and Class II + cell with lymphocytes SD (H.SD:SD), and two allogeneic populations contaminating the freshly isolated hepatosituations constituted of primary hepatocytes BN (RT1 n cyte preparation highlights the difference between pricomplex) in culture with lymphocytes WF (RT1 u commary and immortalized hepatocytes and allows us to plex) (H.BN:WF) or primary hepatocytes SD in culture postulate on the potential role of these cells during the with lymphocytes WF (H.SD:WF). Results showed that allogeneic immune response. However, we observed immortalized hepatocytes induced an allogeneic immune Results are expressed as the percentage of positive cells and the mean fluorescent intensity (MFI) test (MFI isotype is indicated in parentheses). Data are representative of five control and two treated independent experiments. *Hepatocyte suspension cultured during 48 h without stimulation.
